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This invention relates to compositions of mat 
ter and more particularly fluids for use in hy 
draulically operated apparatus such, for example, 
as hydraulic brakes, hydraulic clutches, and sim 
ilar hydraulically operated mechanisms. 

Reference is made to application Serial No. 
291,936, filed August 25, 1939, relating broadly to 
acetals and hydraulic fluids. Reference is also 
made to U. S. Patent 2,298,186 issued October 
6, 1942, relating to esters of (alkoxyalkoxy) ali 
phatic alcohols and processes for their prepara 
tion. 
Warious proposals have been made to use mix 

tures of alcohol and castor oil, glycerine, and the 
like, for hydraulic transmission of power such 
as for actuating the pressure-operated elements 
of hydraulic brake systems, shock absorber sys 
tems, hydraulic clutches and similarly operated 
apparatus. In a great number of fluids pre 
viously proposed, however, there have been nu 
merous disadvantages, such, for example, as wide 
changes in viscosity, corrosive or degrading ef 
fect of the fluids upon metal and rubber parts of 
hydraulic apparatus, tendencies toward gasifica 
tion and solidification under higher and lower 
temperature conditions, respectively; all of these 
and similar disadvantages being drawbacks to 
commercial utilization of many previously pro 
posed fluids. a 

It is an object of the present invention to over 
Come these and other undesirable characteristics 
and particularly to produce an improved hy 
wide range of usefulness under extremely vari able Operating conditions. 
Other objects and advantages of this inven. 

tion will be apparent by reference to the follow 
ing specification in which its preferred details and 
embodiments are described. 
According to this invention improved hydraulic 

fluids are produced by utilizing as an ingredient 
one or more normally liquid non-cyclic acetals 
containing a hydroxyl group and having the fol 
lowing general structure: 

R O R". X 
R-O s Rif 

where R and R' are any aliphatic radical having 
not more than 5 carbon atoms and may contain 
substituent groups and R'' and R'' are hydrogen 
or any aliphatic radical containing not more than 
4 carbon atoms and may contain one or more 
Substituent groups. At least one of the groups 
R, R, R' and R' must 'contain a hydroxyl 

group. These acetals may be prepared by re 
acting in the presence of an acid catalyst a non 
cyclic acetal containing the desired components 
R, R'' and R' with a monohydric or polyhydric 
alcohol having the desired component R. If a 
polyhydric alcohol is used R' will contain the 
hydroxyl group. 

0. 

5 

20 

25 

30 

40 

45 

50 

The new and improved fluids of this invention 
are preferably maintained under neutral or al 
kaline conditions and are characterized by low 
viscosity at low temperatures, relatively slight 
change in viscosity with change in temperature, 
little or no corrosive or decomposing effect upon 
rubber and no gasification or solidification tend 
encies under the higher and lower temperature 
conditions normally encountered in automobile operation. 
Among the non-cyclic acetals containing a hy 

droxyl group which may be utilized according to 
this invention are 3-(methoxymethoxy) ethanol, 
A-(ethoxymethoxy) ethanol, B-(isopropoxymeth 
oxy) ethanol, B-(n-propoxymethoxy) ethanol, B 
(isobutoxymethoxy) ethanol, B-(n-butoxymeth 
Oxy) ethanol, B-(methoxymethoxy) propanol, y 
(methoxymethoxy) propanol, oz-methyl-3-(meth 
oxymethoxy) ethanol, a-methyl-3-(ethoxymeth 
oxy) ethanol, 3-(o-methoxyethoxy) ethanol, 
di- (3-hydroxyethyl) formal, di- (B-methoxy) eth 
anol, B-(a-methoxyisopropoxy) ethanol, 3-(o- 
ethoxyisopropoxy) ethanol, a-methyl-6-(o-meth 
Oxyethoxy) ethanol, di- (3-hydroxypropyl) for 

al, di- (y-hydroxypropyl) formal. 
Although, as previously indicated, non-cyclic 

acetals having the structure described above are 
desirable hydraulic fluid ingredients, we prefer 
to use B-(methoxymethoxy) ethanol having the 
formula, CH3OCH2OCH2CH2OH. This compound can be prepared by reacting methylaland ethyl 
ene glycol at 60° C. using a small amount, ca. A 
to 1% by weight, of sulfuric acid as a catalyst. 
After reaction the catalyst is neutralized and the 
p-(methoxymethoxy) ethanol separated by dis 
tillation under a vacuum. 3- (methoxymethoxy) 
ethanol is a water-white liquid boiling at 167-168° 
C. at 760 mm. and 78 to 80° C. at 30 mm., having 
a specific gravity of 1.04 at 25° C. and a refrac 
tive index of 14105 at 25 C. 
To augment the lubricating properties of our 

fluid, the acetals of this invention may be mixed 
with any oil in which they are soluble, whether 
mineral, vegetable or animal, depending upon the 
particular application for which the mixture is 
designed. The term animal oil is used herein 
after in the broad sense to include all terrestrial 
animal, marine animal and fish oils. Of the 
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many oils which occur naturally in this class, 
for admixture directly with acetals we prefer par 
ticularly to use an oil characterized by being a 
glyceride or other ester of fatty acids and more 
specifically one which contains hydroxy and un 
Saturated groups such as castor oil. 

Derivatives of these oils may also be used such, 
for example, as the products obtained by blowing 
the oils with air or Oxygen or the alcoholysis prod 
ucts obtained by reacting the vegetable or animal 
oil or blown oil with an acetal of the type herein 
described or with another hydroxyl containing 
compound. Among the many oils which may be 
utilized for making derivatives according to this 
invention there may be mentioned: almond, 
blackfish, candlenut, castor, China-wood, coconut, 
cod, corn, cottonseed, croton, eucalyptus, gera 
nium, grape seed, hemp, juniper, lard, lemon, lin 
seed, mustard seed, menhaden, neat's-foot, olive, 
oiticica, orange, palm, peanut, perilla, porpoise, 
rape-seed, seal, sesame, shark, sperm, tallow, 
train, soyabean, sunflower, teaseed, tung, walnut, 
whale, wool and the like. 

Acetals illustrative of those with Which the 
vegetable or animal oil may be reacted are those 
described specifically above. Thus, part of the 
acetal containing a hydroxyl group, utilized as a 
hydraulic fluid ingredient, may be reacted with a 
suitable oil by an alcoholysis reaction to produce 
an ester of the oil acids. Other derivatives of the 
oils previously mentioned which may be utilized 
as lubricants for use with acetals include those 
derivatives obtained by alcoholysis of these oils 
by any simple alcohol or polyhydric alcohol such 
as methyl, ethyl, normal and isopropyl, butyls 
and the like. Similarly, such polyhydric alcohols 
as ethylene glycol, 1,2 and 13 propylene glycols, 
butylene glycols, as well as diethylene and dipro 
pylene glycols, glycerine and the like may be util 
lized. All the specific mono-, di- and trihydric 
alcohols hereinbefore set forth are representative 
and illustrative only of alcohols which may be 
utilized, according to this invention, for the pro 
duction of derivatives of animal and vegetable 
oils and should not be taken as a limitation 
thereof. 

In the alcoholysis of vegetable or animal oils 
such as previously described, these mono-, di 
and trihydric alcohols, or alcoholic bodies such 
as acetals containing a hydroxyl group may be 
mixed with varying proportions of vegetable or 
animal oils or blown oils, as previously described 
and heated preferably to a temperature of from 
50-250° C. We may use stoichiometric propor 
tions of oil and alcoholic bodies necessary for the 
alcoholysis reaction, but we prefer to use an ex 
cess of alcoholic body giving as high as 1% to 20 
times the quantity required for complete reac 
tion. This excess speeds up the reaction and en 
ables its rapid completion under lower tempera 
tures. The excess alcohol or alcoholic body may 
or may not be removed from the final product, as 
desired. We prefer to operate the process in the 
presence of catalysts such, for example, as potas 
sium oleate or ricinoleate, potassium carbonate, 
potassium hydroxide, zinc oxide, lead oxide, and 
the like. We have found that catalyst concentra 
tions of from about 0.01 to 8% (by weight, based 
upon the reaction mixture of oil plus alcoholic 
body) are satisfactory although. We prefer to uti 
lize about 0.5 to 6.5% concentration thereof i. e., 
from about 19 to 246 grams per gallon. If de 
sired, we may also operate the process in the 
presence Of Solvents, such as, ether, pyridine, and 
the like, which may, if desired, be thereafter uti 
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2,882,981 
lized as ingredients of the final hydraulic fluid 
composition. Pressures are utilized which are 
necessary to allow the use of temperatures which 
in turn will effect a suitably rapid reaction rate, 
particularly where low boiling reactants are in 
Wolved. 
The acetals of this invention are relatively non 

corrosive but if the acetals, or other ingredients, 
should react slightly with parts of the hydraulic 
system corrosion inhibitors may be found. Among 
the many corrosion inhibitors which may be used 
are, sodium nitrite, calcium nitrite, borax, sodium 
bichromate, potassium bichromate, sodium chro 
mate, potassium chromate, triethanolamine 
oleate, triethanolamine ricinoleate, sodium phos 
phate, potassium phosphate, sodium acid phos 
phate, potassium acid phosphate and the like. 
The preferred amounts of inhibitor are from 0.1 
to 2.0 although 0.05 to 3% will be satisfactory. 
Although the acetals, such as previously de 

scribed, are admirably fitted by themselves for 
hydraulic fluid purposes, we have found that in 
provements upon this fluid can in some instances 
be obtained by utilizing such acetals in admixture 
or combination with one or more organic diluents. 
Among the organic materials susceptible for ad 
mixture as diluents are: alcohols such as the 
mono- and polyhydric, alicyclic, aromatic and 
amine alcohols, including specifically methanol, 
propanol, butanol, isobutanol, the alcohols boiling 
in the range of 120-160° C. obtained by the cata 
lytic reduction of carbon monoxide under pres 
sure, octanol, diacetone alcohol, ethylene and 
propylene glycol, glycerol, sorbitol, cyclohexanol, 
benzyl alcohol; organic esters such as ethyl and 
butyl acetate; ethers such as diisobutyl, ethylter 
tiary butyl, and methyl ricinoleyl ethers, methyl 
ether of ethylene glycol, butyl and isobutyl ether 
of ethylene glycol, ethyl ether of diethylene gly 
col, and methyl ether of diethylene glycol, poly 
ethylene glycol, dipropylene glycol, polypropylene 
glycol, and diglycerine; ketones such as diisopro 
pyl ketone and cyclohexanone; nitrogen-contain 
ing compounds such as dimethyl formamide, 
ethanol formamide; tetrahydrofurfuryl alcohol 
and furane compounds; hydrocarbons such as iso 
octane, benzene, and cyclohexane, 
solvents or diluents or oils as above illustrated 

may be used in ratios to the acetals which vary 
over a wide range depending on the particular 
use for the fluid. Preferably the acetal content 
of the fluid should fall within the range of 15 to 
85% by volume, although 5-95% by volume may 
be used satisfactorily. When diluents are incor 
porated into the fluid in addition to the acetal, 
at least about 2 to 80% by volume diluent may 
be used, although 2 to 60% of diluent is preferred. 
The diluent may, of course, comprise more than 
one substance. Likewise 5 to 95% by volume of 
lubricant may be utilized, although 15 to 85% is 
preferred. 
The following specific compositions, as exam 

ples, will illustrate proportions of materials which 
may be utilized according to this invention. 

Eacample 1 
Parts by volume 

Castor oil--------------------------------- 35 
6- (Methoxymethoxy) ethanol-------------- 65 
The free acid of the oil should be less than 2 

and should be neutralized with an alkali such as 
potassium hydroxide. 

Eacample 2 
35 pts, by volume of castor oil (free acid value 
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less than 2) are mixed with 65 pts. by volume 
B-(methoxymethoxy) ethanol containing suff 
cient potassium hydroxide to produce 23 gms. Of 
potassium soap per gallon of fluid by Saponifying 
the oil. This mixture is heated from 30 minutes 
to 2 hours at 160-180° C. to partially react the 
oil with the B-(methoxymethoxy) ethanol, pro 
ducing some B-(methoxymethoxy) ethyl ester of 
castor oil acids by alcoholysis. This treatment 
produces a lower freezing point than obtained 
with the unreacted mixture of Example 1. In 
order to regulate the amount of 3-(methoxy 
methoxy) ethanol reacted, the oil can be heated 
with only a part of the 3-(methoxymethoxy) 
ethanol and the remainder added after the re 
action has been completed. 

Ecample 3 

3 
Eacample 8 

The complete fluid of Example 3 is heated for 
an additional 30 minutes to 2 hours at 50 to 200 
C. to produce a mixture of propylene glycol and 
B-(methoxymethoxy) ethyl esters of castor oil 
acids. This treatment further improves low tem perature properties, 

O 

5 

25.4 parts by volume of castor oil (acid value 
not more than 2) and 9.6 parts by volume of 
propylene glycol are reacted for 15 minutes to 2 
hours at 185° C. in the presence of 47 gms. Of 
potassium soap of castor oil acids per liter of 
reaction mixture to produce the propylene glycol 
ester of castor oil acids. 35 parts by volume of 
this reacted mixture are added to 65 parts of 
B-(methoxymethoxy) ethanol to make the com 
plete fluid. 

Eacample 4 

24.5 parts by volume of castor oil (acid value 
not more than 2) and 10.5 parts by volume of 
ethylene glycol are reacted for 15 minutes to 2 
hours at 185° C. in the presence of 63 gms. Of port 
tassium soap of castor oil acids per liter of re 
action mixture to produce the ethylene glycol 
ester of castor oil acids. 35 parts by volume of 
this reacted mixture are dissolved in 65 parts by 
volume of B-(methoxymethoxy) ethanol to make 
up the complete fluid. 

Eacample 5 

25.4 parts by volume of castor oil (acid value 
not more than 2) and 9.6 parts by volume di-(6- 
hydroxyethyl) formal are reacted for 15 minutes 
to 2 hours at 185° C. in the presence of 47 gms. 
of potassium soap of castor oil acids per liter of 
reaction mixture to produce the di- (3-hydroxy 
ethyl) formal ester of castor oil acids. 35 parts 
by volume of this mixture are dissolved in 65 parts 
by volume of B-(methoxymethoxy) ethanol. 

Eacample 6 
35 parts by volume of castor oil (acid value 

not more than 2) and 40 parts by volume of 
p-(methoxymethoxy) ethanol are reacted by 
heating for 4 to 2 hours at 160-180° C. in the 
presence of 23 gms, of potassium Soap of Castor 
oil acids per gallon of reaction mixture to pro 
duce the B-(methoxymethoxy) ethyl ester of 
castor oil acids. 25 parts by volume of isobutyl 
alcohol are dissolved in 75 parts by volume of this 
reaction mixture to make the complete fluid. 

Eacample 7 
35 parts by volume of castor oil (acid value 

not more than 2) and 40 parts by volume of 
B-(methoxymethoxy) ethanol are reacted by 
heating for A2 to 2 hours at 160-180° C. in the 
presence of 23 gms. of potassium soap of castor 
oil acids per gallon of reaction mixture to pro 
duce the g- (methoxymethoxy) ethyl ester of 
castor oil acids. 10 parts of propylene glycol and 
15 parts of 3-(methoxymethoxy) ethanol are dis 
solved in 75 parts of this reacted mixture to make 
the complete fluid. 

20 

Eacample 9 
35 parts by volume of castor oil (acid value 

not more than 1) and 15 parts by volume 3 
(methoxymethoxy) ethanol are reacted by heat 
ing for 40 minutes at 180-200 C. in the presence 
of 7 gms. of the potassium soap of Castor oil acids 
per liter of reaction mixture to produce the 3 
(methoxymethoxy) ethyl ester of castor oil acids. 
50 pts, by volume of reaction mixture are dis 
solved in 50 pts. by volume of 3-(methoxymeth 
Oxy) ethanol to make the complete fluid. 

Eacample 10 
40 parts by volume of castor oil (acid value 

not more than 2) and 20 pts. by volume of 3 
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(ethoxymethoxy) ethanol are reacted by heating 
for 30 minutes to 2 hours at 180-200° C. in the 
presence of 6.gms, of the potassium soap of Castor 
oil acids per liter of reaction product to produce 
the B-(ethoxymethoxy) ethyl ester of castor oil 
acids. 60 parts by volume of reaction product are 
dissolved in 40 pts. by volume of 8-(ethoxyme 
thoxy) ethanol to make the complete fluid. 

Eacample 11 
28 parts by volume of castor oil (acid value not 

more than 2) and 7 parts by volume of propylene 
glycol are reacted for 15 minutes to 2 hours at . 
185° C. in the presence of 45 gms. of the potas 
sium soap of castor oil acids per liter of reaction 
mixture to produce the propylene glycol ester of 
castor oil acids. 35 parts by volume of this re 
acted product are dissolved in 65 parts by volume 
of 8-(methoxymethoxy) ethanol to make the 
complete fluid. 

Eacample 12 

25.4 parts by volume of castor oil (acid value 
not more than 2) and 9.6 parts by volume of pro 
pylene glycol are reacted for 15 minutes to 2 hours 
at 185 C, in the presence of 47 gms, of potassium 
soaps of castor oil acids per liter of reaction mix 
ture to produce the propylene glycol ester of 
castor oil acids. To make the complete fluid 35 
parts by volume of this reacted mixture are added 
to 48 parts by volume of 3-(methoxymethoxy) 
ethanol, 7 parts by volume isobutanol and 10 
parts by volume of a mixture of the alcohols 
boiling in the range 120-160° C. obtained by the 
catalytic reduction of carbon monoxide under 
pressure. ' 

Eacample 13 

25.4 parts by Volume of castor oil (acid value 
not more than 2) and 9.6 parts by volume of 
glycerine are reacted for 15 minutes to 2 hours at 
185 C. in the presence of 47 gms. of potassium 
soaps of castor oil acids per liter of reaction mix 
ture to produce the lower glyceryl esters of castor 
oil acids. 35 parts by volume of this reacted mix 
ture are added to 65 parts by volume of B-(me 
thovymethoxy) ethanol to make the complete 
fluid. 

Eacample 14 

24.4 parts by volume of blown soyabean Oil 
(Gardner-Holdt viscosity 40-70 secs. at 25° C.) 
are reacted for 1 hour at 225 C, with 15.6 parts 



4. 
by volume of di-(p-hydroxyethyl) formal using 
55 gms, of the potassium soaps of blown soyabean 
oil acids per gallon of finished fluid as catalyst. 
40 parts by volume of this reacted mixture are 
mixed with 60 parts by volume of 3-(methoxy 
methoxy) ethanol to make the complete fluid. 

Eacample 15 
24 parts by volume of blown corn oil (Gardner 

Holdt viscosity 40-70 secs, at 25 C.) are reacted 
for 1 hour at 225 C. with 16 parts by volume of 
di-(3-hydroxyethyl) formal using 55 gms, of the 
potassium soaps of blown corn oil acids per gal 
lon of finished fluid as catalyst. 40 parts by vol 
ume of this reacted mixture are mixed with 60 
parts by volume of 3-(methoxymethoxy) ethanol 
to make the finished fluid, 

Eacample 16 
20 parts by volume of blown peanut oil (Gard 

ner-Holdt viscosity 30-60 secs, at 25' C.) are re 
acted for 1 hour at 225 C. with 15 parts by volume 
of di-(6-hydroxyethyl) formal using 55 gms. of 
the potassium Soaps of blown peanut oil acids per 
gallon of finished fluid as catalyst. 35 parts by 
volume of this reacted mixture are mixed with 65 
parts by volume of 3-(methoxymethoxy) ethanol 
to make the finished fluid. 

Eacample 17 

20 parts by volume of blown cottonseed oil 
(Gardner-Holdt viscosity 30-80 secs. at 25 C.) 
are reacted for 1 hour at 225 C. with 15 parts by 
volume of di- (3-hydroxyethyl) formal using 55 
gns. of the potassium soaps of blown cottonseed 
oil acids per gallon of finished fluid as catalyst, 
35 parts by volume of this reacted mixture are 
mixed with 65 parts by volume of 3-(methoxy 
methoxy) ethanol to make the finished fluid. 
Various changes may be made in the details and 

preferred embodiments of the present invention 
without departing therefrom or sacrificing any of 
the advantages thereof. 
We claim: 
1. A fluid composition adapted for use in fluid 

actuated apparatus consisting of at least 15 parts 
of a normally liquid non-cyclic acetal containing 
an alkanol group, from 15 to 85 parts by volume 
of a compound selected from the group consisting 
of vegetable oils, blown vegetable oils and reac 
tion products of such oils with a compound se 
lected from the group consisting of mono-, di 
and trihydric alcohols, the remaining parts to 
give a total of 100 parts by volume consisting of 
a diluent Selected from the group consisting of 
mono, di, and trihydric alcohols having the for 
mula Rai(OH) it in which R is a hydrocarbon group 
and at is from 1 to 3, inclusive. 

2. A fluid composition adapted for use in fluid 
actuated apparatus consisting of at least 15 parts 
of beta- (methoxymethoxy) ethanol, from 15 to 
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85 parts by volume of a compound selected from 
the group consisting of vegetable oils, blown vege 
table oils and reaction products of such oils with 
a compound selected from the group consisting 
of mono-, di- and trihydric alcohols the remain 
ing parts to give a total of 100 parts by volume 
consisting of a diluent selected from the group 
consisting of mono, di, and trihydric alcohols 
having the formula Reco) at in which R is a hy 
drocarbon group and E is from 1 to 3, inclusive. 

3. A fluid composition adapted for use in fluid 
actuated apparatus comprising at least 15 parts 
by volume of a normally liquid non-cyclic acetal 
having the structural formula: 

R-0, Ye 
wherein R and R' are aliphatic radicals having 
not more than 5 carbon atoms and R'' and R' 
are hydrogen or aliphatic radicals having not 
more than 4 carbon atoms, at least one of the 
group R, R., R.' and R' containing a hydroxyl 
group, from 15 to 85 parts of a castor oil deriva 
tive of a compound selected from the group con 
sisting of mono-, di- and trihydric alcohols, any 
remaining parts to give a total of 100 parts of a 
compound selected from the group consisting of 
mono-, di- and trihydric alcohols having the 
formula Rai(OH) in which R is a hydrocarbon 
group and ac is from 1 to 3 inclusive. 

4. A fluid composition adapted for use in fluid 
actuated apparatus comprising 15 parts of beta 
(methoxy methoxy) ethanol, from 15 to 85 parts 
by volume of a castor oil derivative of a com 
pound selected from the group consisting of 
mono-, di- and trihydric alcohols, the remaining 
parts to give a total of 100 parts by volume con 
sisting of a diluent Selected from the group con 
sisting of mono-, di- and trihydric alcohols hav 
ing the formula Rai(OH)2 in which R is a hydro 
carbon group and at is from 1 to 3 inclusive. 

5. A fluid composition adapted for use in fluid 
actuated apparatus comprising per 100 parts by 
volume at least 15 parts of beta- (methoxy 
methoxy) ethanol, 15 to 85 parts by volume of 
the product obtained by reacting 15 to 40 parts 
by volume of a vegetable oil with 5 to 30 parts 
by volume of a compound selected from the group 
consisting of mono-, di- and trihydric alcohols 
in the presence of a Catalyst Selected from the 
group consisting of potassium oleate, potassium 
ricinoleate, potassium carbonate, potassium hy 
droxide and lead oxide, any remaining parts to 
give a total of 100 parts consisting of a diluent 
selected from the group consisting of mono-, di 
and trihydric alcohols having the formula 
Rai (OH) in which R is a hydrocarbon group and 
ac is from 1 to 3 inclusive. 
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